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Abstract: We live in a new era of nano- and microtechnologies, applied in fundamental science 
and more and more in life sciences and industrial technologies. The review aims to reveal the 
progress in using miniaturized devices (biosensors, nanocomposites) for identifying foodborne 
patogens or chemicals, risk factors which can evidentiate the quality and safety of food products  
in the technological chain up to the consumer. Lab-on-a-chip concept (LOC) defines specific 
miniaturized devices produced our days by highly specialized companies to make fast, low price 
and high sensibility which reflect the presence and the quantity of specific plant, food or human 
tissue /blood chemical/molecular marker. 
 
History 
After the discovery of microtechnology (~1958) it was released the first integrated 
semiconductor structures for microelectronic chips, the lithography-based technologies were 
soon applied in pressure sensor manufacturing (1966). Further development of these usually 
CMOS-compatibility limited processes, became available to create micrometre or sub-
micrometre sized mechanical structures in silicon such as the Micro Electro Mechanical 
Systems (MEMS).  
At the end of the 1980’s, and beginning of the 1990’s, the Lab-on-a-chip (LOC) research started 
with developed micropumps, flowsensors and the concepts for integrated fluid treatments for 
analysis systems. These Micro Total Analysis Systems (µTAS) concepts demonstrated that 
integration of pre-treatment steps, usually done at lab-scale, could extend the simple sensor 
functionality towards a complete laboratory analysis, including e.g. additional cleaning and 
separation steps. 
A big boost in research and commercial interest came in the mid 1990’s, when µTAS 
technologies turned out to provide interesting tooling for genomics applications, like capillary 
electrophoresis and DNA microarrays. The added value was not only limited to integration of 
lab processes for analysis but also to individual components and the application to non-analysis  
processes. Hence the term "Lab-on-a-Chip" was introduced. 
 
Lab-on-a-chip (LOC) concept 
LOC is a generic term to describe the devices which integrate different laboratory functions on a 
single chip, capable of handling extremely small fluid volumes down to less than pico liters. 
LOC devices represent a subset of MEMS devices, often indicated by "Micro Total Analysis 
Systems" (µTAS), dedicated to the integration of the total sequence of lab processes to perform 
chemical analysis. LOC technology allows chemical and biological processes(previously 
conducted on large pieces of laboratory equipment), to be performed on a small glass plate with 
fluid channels, known as microfluidic capillaries. The chips are made with the same micro-
 470
fabrication technique used to print circuits on computer chips. This technology can be used to 
detect bacteria or other microorganisms. Innovative electrochemical ‘lab on a chip’ system were 
developed: they contains an array of nano-volume electrochemical cells on a silicon chip, 
monitored simultaneously and independently. In order to show the wide range of applications 
that can be benefited from this device, biological components including chemicals, enzymes, 
bacteria and bio-films were integrated within the nano-chambers for various applications. 
During the measurement period the bacteria remained active, enabling cellular gene expression 
and enzymatic activity to be monitored on line. This electrochemical ‘lab on a chip’ was 
evaluated by measuring various biological reactions to toxic chemicals.( Popovtzer, 2006)  
Although the application of LOCs is still novel and modest, a growing interest of companies 
and applied research groups is observed in different fields such as analysis (e.g. chemical 
analysis, environmental monitoring, medical diagnostics) but also in synthetic chemistry (e.g. 
rapid screening and microreactors for pharmaceutics). Besides further application 
developments, research in LOC systems is expected to extend towards downscaling of fluid 
handling structures as well, by using nanotechnology.  
Sub-micrometers and nano-sized channels, DNA labyrinths, single cell detection an analysis 
and nano-sensors might become feasible that allow new ways of interaction with biological 
species and large molecules. One commercially very successful example for LOCs in life 
science is the development of automated patch clamp chips, that allowed for drastically 
increased throughput for drug screening in the pharmaceutical industry. 
LOCs may provide advantages, very specifically for their applications, such as: low fluid 
volumes consumption by internal chips,  beneficial for e.g. environmental pollution (less waste), 
lower costs of expensive reagents and less sample , higher speed for analysis and control of the 
chip and better efficiency due to short mixing times and fast heating , lower fabrication costs 
Some disadvantages of LOCs to notice: it is not fully developed technology yet, not always the 
scale down of measurements is in a positive way, leading to low signal to noise ratios  
What we can do with the LOC: Real-time PCR  to detect bacteria, viruses and cancers,  
immunoassay  to detect bacteria, viruses and cancers based on antigen-antibody reactions, 
dielectrophoresis for detecting cancer cells and bacteria, single-cell analysis, preparation of 
blood to lyse cells and extract DNA. An example: Lum-T (Charm Sciences, Inc.) instrument 
(Fig.1a) is used to complete several diagnostics: sanitation validation, fluid dairy shelf-life 
prediction and pesticide assay.  
The capabilities of these diagnostics include the microbiological testing of liquid or solid foods,  
the prediction of dairy product shelf-life, the pesticide analysis of fresh fruits and vegetables.   
 
   
Fig.1. Portable Lum-T (The Charm Sciences, Inc.) instrument (a) and a field food microbiology 
lab (b) 
 
LOC technology and examples of rapid food safety diagnostics 
Today's consumers demand safe food. The key of LOC technology is the availability of rapid 
food-safety diagnostics, providing a quick, "positive or negative" answer before the food 
product enters the distribution system. LOC tests take up to 30 hours to complete because of the 
requirement for a bacterial growth enrichment period., e.g. the rapid screening of Salmonella 
typhimurium requires 24 hours to complete, while standard laboratory isolation methods takes 
96 -120 hours. Fig.1b  shows a portable food microbiology lab in a field environment.  
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Other examples : Portable rapid diagnostic kits screen bacterial pathogens and toxins such as E. 
coli, Bacillus cereus, Listeria monocytogenes, and Staphyloccocal enterotoxin B. With these 
kits, most results can be obtained in 24 to 48 hours (1), Polymerase chain reaction (PCR) 
technology for "DNA fingerprinting" to identify a specific bacterial genus and species.(2), 
monitoring the cleanliness and sanitation of food contact surfaces, using PocketSwab (Charm 
Sciences, Inc.) to determine the effectiveness of cleaning and sanitizing food contact surfaces by 
measuring adenosine triphosphate (ATP) levels. When ATP levels are very high (more than 
100,000), the surface is unacceptable, associated with the presence of bacteria, either pathogenic 
or spoilage (3).Pesticide assay (4) developed by Charm Sciences can screen fresh fruits and 
vegetables for pesticides in 20 minutes.  
 
Biosensors 
Biosensors are analytical devices which contains a biological sensing element 
connected or integrated within a transducer, which convert a biological event into a response to 
be processed. The biological sensing element can be either catalytic (enzyme, microorganism) 
or non-catalytic, as affinity sensor (antibody or receptor). Some reviews focus on biosensor 
technology [Cunningham, 1998; Patel, 2000; Scott, 1998], but until now it is still a lack of 
understanding the requirements and the specific conditions to use 
biosensors in food analysis.  
A biosensor comprises two elements: a biological recognition element 
(antibody, enzyme, receptor, cell) and a transducer to convert the signal to 
an optical, amperometric, acoustic, electrochemical response, connected to 
a data acquisition and a processing system [Patel, 2000].  
The first developed biosensor was intended for environmental monitoring. 
It used an antibody—a protein substance produced in the blood or tissues 
in response to a specific antigen, such as a bacterium or a toxin. Antibodies 
destroy or weaken invading bacteria and neutralize organic poisons, 
forming the basis of immunity, that’s why the first biosensor was called an immunosensor.  
In the mid-1980s, the Oak Ridge National Laboratory (ORNL) used light to detect cancer-
causing agents in groundwater. So they attached to the end of an optical fiber an antibody that 
reacts specifically with the carcinogen benzo(a)pyrene (BaP).  
The anti-BaP antibody on the end of the fiber was immersed in a sample of 
groundwater and gives off light if illuminated by light of the right wavelength. After 5 to 10 
minutes, the reaction product fluoresced , and the fluorescence was transmitted back up the fiber 
and measured. These successful results, reported in 1987 developments of a series of fiber-
optic-based biosensors.  
The application of different chemiluminescence biosensors for the determination of 
different food analytes was recently  reported [Aboul-Enein, 2000]. The immunosensors, 
initially developed for medical purposes, may have  great potential of development in food 
analysis. 
One type of biosensor has only five components: a biological sensing element, a transducer, a 
signal conditioner, a data processor, and a signal generator. The essential component must 
produce a signal that is related to the concentration of a specific chemical or biological 
substance in complex systems. This component takes advantage of the ability of a biomolecule, 
such as an antibody or enzyme, to specifically recognize the target substance.  
Light emissions from microspheres and bacteria are seen through a fluorescence microscope. 
Shown are red-fluorescing S. aureus bacteria bound to 6.5-µm spheres and one yellow orange-
fluorescing E. coli bound to the larger 10-µm sphere.  
In another approach to the use of immunosensors, microspheres of different sizes are labeled 
with antibodies that bind to different bacteria; thus, microspheres of one size have one particular 
antibody and microspheres of another s ize have a different antibody. The sizes of the 
microspheres are identified by their "morphological resonances" (shape-based light emissions 
when excited by a laser), and the bacteria that become bound are detected by the color of 
fluorescent dye with which they are stained. Up to 100 different types of bacteria can be 
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identified simultaneous ly because the stained bacteria all would fluoresce at one wavelength of 
light and the diameters of the spheres could be illuminated at another wavelength. Although all 
the spheres fluoresce when excited by one wavelength, the morphological resonances, which 
look like saw teeth superimposed on a fluorescence emission spectrum, can distinguish among 
diameters of many different-sized spheres. This approach satisfies one of today's challenges in 
biotechnology: multiplex biosensors to obtain more infor mation from one sample analysis.  
An impedance biosensor based on interdigitated array microelectrode (IDAM) coupled with 
magnetic nanoparticle–antibody conjugates (MNAC) was developed and evaluated for rapid and 
specific detection of E. coli O157:H7 in beef samples. MNAC were prepared by immobilizing 
biotin-labeled polyclonal goat anti-E. coli antibodies onto streptavidin-coated magnetic 
nanoparticles, which were used to separate and concentrate E. coli O157:H7 from beef samples. 
The lowest detection limits of this biosensor for detection of E. coli O157:H7 in pure culture 
and beef samples were 7.4 × 104 and 8.0 × 105 CFU ml−1, respectively. The total detection time 
from sampling to measurement was 35 min (Varshney, 2007).  
Microcantilever sensors are an alternative to the optical fibers, adapted to detect physical, 
chemical, or biological activity. It measures the presence of substances by nonoptical methods. 
Microcantilevers are a million times smaller but molecules adsorbed on a microcantilever cause 
vibrational freque ncy changes. Viscosity, density, and flow rate can also be measured by 
detecting the changes in vibrational frequency. Another way of detecting molecular adsorption 
is by measuring curling of the cantilever due to adsorption stress on just one side of the 
cantilever.  
The microcantilever is ordinarily constructed of a silicon plank of 0,1 mm long, 30 mm wide, 
and 3 to 4 mm thick. When molecules are added to its surface, the extent to which the plank 
bends can be measured accurately by bouncing a light beam off the surface and measuring the 
extent to which the light beam is deflected. The vibrational frequency can be induced by 
piezoelectric transducers and measured with the same laser beam that measured the deflection 
because it generates an alternating current in the detector.  
For chemical reactions which generate heat, this device can be used as a microcalorimeter to 
measure the heat of an enzyme-catalyzed reaction or a chemical reaction in a reaction volume of 
one microliter (1 µl). Another mechanism of response was employed to measure proteins in 
solution. Antibodies were covalently attached to the silicon surface of a cantilever in such a way 
that the stresses induced in the antibody when it reacted with its antigen were detected. 
Detection of biological warfare agents or bacteria and viruses in the hospital laboratory should 
be expedited with this stressed antibody technique. Additional experiments are under way to 
demonstrate the usefulness of the microcantilever as a biosensor.  
Sensors based on bacteria as “bioreporters” of biodegradation 
This kind of biosensors are based on the detection of light emitted by a specially engineered 
microorganism that is involved in bioremediation. However, in this case the light originates 
from a particular protein that has been installed in certain bacteria by modern molecular genetic 
methods, and the bioluminescent bacteria signals the presence of pollutants. The gene for 
luciferase is placed in the operon (a sequence of genes that specify enzymes that carry out a 
related series of metabolic steps) that is responsible for degrading unwanted chemicals such as 
toluene, an organic solvent. When the bacteria are metabolizing the toluene, the genetic control 
mechanism also turns on the synthesis of the enzyme luciferase, which produces light in the 
presence of oxygen. Such bioreporters have proven successful using trichloroethylene, toluene, 
and various petroleum products in laboratory tests. A variation on this capability was invented, 
to deal with situations in which bacteria degrade an organic solvent under conditions o f very 
limited oxygen. In this case, a "green fluorescent protein," which emits green light (at 509 nm) 
when excited by blue light (395 nm), is installed in the operon. No oxygen is required for the 
light emission. Again, as the toluene is metabolized by the enzymes synthesized for that 
activity, the green fluorescent protein is also produced and monitored by remote light activation 




Miniaturized Devices to evidentiate photosynthesis 
Another class of biosensors analyzes biological or physiological processes, or detect and 
identify bacteria using miniaturized devices.  
The site for photosynthesis in a green leaf contains a complex set of enzymes and proteins that 
capture light energy and convert carbon dioxide into compounds that help the plant grow. If a 
platinum salt in a certain oxidation state is supplied to one of two photosynthetic systems in 
plant chloroplasts, one photosynthetic reaction system will use light energy to provide electrons 
that will reduce platinum to the metal form. The metal is deposited on the photosystem complex 
to form a tiny platinum c enter that can be employed in sophisticated diode-based biosensors. 
 
Biosensors and DNA Analysis  
DNA can be used to identify organisms ranging from humans to bacteria and viruses. The 
identification consists of reading the sequence of the DNA letters (A, G, C, and T), representing 
the bases joined in two strands to form a spiral staircase. Many hours are required to prepare the 
fragments and separate them by size (using gel electrophoresis), enabling the identification of 
the site of a genetic mutation. Many labs that were involved in the sequencing effort have now 
switched their attention to studying these new genes to learn of their function and significance. 
The Human Genome Project, sponsored by DOE and the NIH, plans to go well beyond yeast 
and determine the sequence of all DNA letters in the human genome.  
Because the current methods are not fast enough to satisfy such needs, many laboratories are 
developing faster methods. To sequence information, methods are also being developed to 
identify the site where a DNA sequence has been modified. When a chemical reacts with DNA 
in the cell nucleus, possibly causing damage, a chemical compound called an adduct forms from 
the addition of the two species. Mass spectrometry can be used to identify chemicals that form 
adducts with DNA and to identify the specific DNA site at which it occurs.  
Because mass spectrometry accomplishes the sequence determination in less than a second, this 
speed supersedes that of gel electrophoresis by orders of magnitude. Other ways of 
characterizing DNA consist of determining the sizes of fragments produced by restriction 
endonucleases, enzymes that cut DNA when they find a specific sequence of letters. A physicist 
friend of mine calls these enzymes magic scissors because they not only cut the DNA but do so 
reliably at a sequence site that is specific to each of the restriction enzymes, of which there are 
over 400. The pattern of sizes of the DNA fragments produced by these magic scissors can be 
unique to the DNA from a biological species o r even an individual.  
Gel electrophoresis is the usual method of classifying the size pattern of DNA fragments 
produced by restriction endonucleases. Mass spectrometry can do that very well, and again in 
much shorter time. Electrospray method of mass spectrometry has advantages, such as 
simplicity of sample preparation and analysis.  
 
Immobilized oligonucleotide arrays have been developed to analyze DNA sequences: the DNA 
sequence is amplified, labeled, and allowed to hybridize to the array of immobilized 
oligonucleotides. At right, the DNA sequence is deciphered by overlapping the hybridizing 
probes of similar sequence. The technique has applications in medicine, forensics, agriculture, 
and environmental bioremediation.  
There were synthesized different DNA sequences directly on a glass surface and the 
complementary sequence of the free DNA could be obtained by determining to which of the 
sequences it would bind. The free DNA was labeled with phospho rus-32 so that the pattern 
could be observed by autoradiography; the glass was placed against a photographic film for a 
time, after which it was developed to determine the locations of the radioactive spots. In this 
case the immobile DNAs contained only eight bases and thus could determine the sequence of 





Biocomposites, as biosensors at molecular level (nanosensors) 
The production of new materials, nonostructured biocomposites used as biosensors with new 
properties, capable to detect rapidly traces of toxic compounds or to reveal the toxic processes at 
cellular or molecular level is an actual research topic. Some biocomposites, to mention 
polyoxometalate-celulose  , can be used as nanosensors to evidentiate toxic organic compounds 
(with S and N) or  as biomarkers of  toxicity in cellular systems, since their color changes 
according to the environment and the presence of toxins in  abiotic or biotic systems, with 
interesting applications in medicine and food quality control.  
Clusters of POM type have applications in nanotechnologies applied in electronics as semi-
conductors or photochemical catalisers (Yamase, 2002) . POM are very interesting for  
medicine applications, being showed their action at cellular level as agents which inhibit 
proliferation and have antiviral action ( on HIV) (Rhule, 1998) .  Utilization of POM as topical 
microbiocides is also a topic of high interest studied in USA by NIH (National Institutes of 
Health), by the project NIH anti-HIV (Buckheit, 2001).  
There are available japanese  patents which show the large scale of POM applications, including 
their immobilisation on porous supports to purify the air and waters in underground places ( 
impact on ecology and pollution).   
Generally the applications of POM are directed towards biomedical areas, since many of the 
articles demonsrate these type of compounds can be used as chemopreventive agents.  
Detection with high sensitivity, rapid and specific of  microoganisms and their toxins found in 
food , tissues turned to be a new area of applications, not yet developed, but with very good 
prospects in the food industry where the foodborne pathogens control is very important and 
critical for the quality and safety/security of food products.  In developed countries the food 
industry has many monitoring ways to control food poit of view quality and safety ( Theuvsen, 
2007; Luning,2006; Rovira, 2006). In this context, the use of biosensors is a very new and 
interesting alternative to evidentiate the toxins elaborated by bacteria and help to supervise 
repidly, and efficiently all steps of production chain. 
It is a field of great interest , still in a primary investigation step (Anderson, 2005). Sulfur-
containing compouns like dimethyl sulfide or the methylic ester of thioacetic acid  can be 
released by pathogenic bacteria beside H2S as a secondary product of their metabolism, found 
specially in meat and fish. To  mention: Salmonella tiphymurium, Campylobacter jejunii, E Coli 
0157:H7, Pseudomonas aeruginosa, Shigella, Yersinia. The chemical detection involve a rapid 
oxidation or complexing of the target (toxic S-containing  compound) and can be done by the 
nanosensors concomitantly with the changes of colour. POMs contain metals of structure  type 
d0, which are easily reduced and the colour changes.  The change of colour is a consequence of 
the alteration of transfer electronic bands  d-d due to the  perturbation  (simetry reduction ) in 
the metallic complexes  with d electronic structure. In consequence, an increase of the intensity 
of absorption bands d-d, alowing the measurement of absoption spectra in  UV-Vis and can be 
visualized by color change. The project aims to produce, characterize and test the behaviour of 
functional biocomposites  POM-celulose (as color sensors) which, incorporated electrostatically 
on negatively charged cellulose materials (fibres, paper, cotton), abilities to identify  toxins. 
They have a low intrinsic toxicity, are easy to handle, not only in labs but also in food industry, 
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